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, "

Illf talpa ere "zed ••• ,~ tha nwYl_lI' tl'lllN:lfre_. litlll8:'ll)liElJd"
. . . .

tIl_. A ea11eat fRtun .f the csnt:01 circuU i. tti@t tho "nhlL'. '

..." .... ' .'. , ' .
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An•. \cb1trft\ll!••..~thOd at uei", ~J.aton to ngulllte altdftllUnl

valtq_~1ietl illi to ~t~ .••t.-chllft91nt 8Witcha em• tao.,...
tonter. Milh ewitchi", •• eede en ~ •• ible. Thecantl'D1ot ~ lAdtch-

i", pettern "ezooUeeccUhte ntul.tian at ou.ut volt •••• With loede

hevi", 10"1 tiDe _taftt •• the ewitching dutcycle .ey allow each t.tt

to be connected eontinuaue1l' to tile loed for eevere! cyc1... In -.nl'.

e••••• however. thie J.a unecc_teble end v.rbUon in output VDltele

••••t occur no Mre elowly then the ,..inel cycling .t ••••ll' voltege.
It is canvtlftient to achieve this by IIDvi"llthrauth one ee-p1etcl t.-

chenti'" MquetlCeevuy heIt cycle of .u,ply vol~ •• it ie then, - . .

,",eelble to utilin_ural (t:) •••••• f: •••Uo .••. of thyr1etor 8Witchee.

The invenlll "enllal connected thl'r1eton ClllUe'e •• bil.bral

8lI!1tch•• end .t the etut ot llI:lchhl'-\t,qcl•• - .t the pair .t~yrb-

__tDnCOnduct,,' eupplyi"ll volt. to the loed. s-etillett •••••• Anthe

nellt .1141 t cycle. the other thyrtetor ot the pair is fired. T1Iec1lrCUit

i!l$t •••~r..flftdbee_e only • fnction at the .utput power1. hend1ec1.~ . . .
dlrectll' by the SCA, •••• enGAtreU •• ~ rel.Uve1l' l/ilW.Ttl. e_ cen-

tral circuit Clift be ••••d tor the nguleter at errt r.U.... l)ftly the p~r

IIOdUleend the nguleter tr_tCl,lll.¥.re required. to be chenQ.dto chenle.
the reU", of the' ftIul.tor.

The .!'fl'!tb,hl!e " thenvuletor tnnatolllDr .ill beealectecl

in etepe 0' di.cret. vari.tion ot vo1tov•• t the UlIIuteide. l' wecon-. .' . ,.., . .

eider the regul.tor uei"9 Il.rvoooter (in tohichttle caMi_... input verb-

tiORwill llIIente the eervoootOl'continuouely) •• en ",alOl •• 1tete regu-

later. welIey cell thlll.diocnte varhUon 'we veiltove regul.tor •• •

digital ve1tege reguletor.



1.2.HISTORICALBACKGROUND,
A•.C.vol tave retulatan are used ta obtain lIteady ¥01tava ,za-

a fluctuating lI~pl)' voltave. Chang- in .uppl~ Wltavll laval above and

belawthe fllBinaUy declared ValllCl,i' exeeede a certein 'liJoit, 1lIlI~c_ •

•• dou. proW.... Th• ..,pllanclltl and equ1l-ent connected to the lIpt ••

• ay lIet _ •• ed. ee-p11c.tlld production line .ay atop. the entire ay.t ••

••ay ba required to blt'l',,..,,""~)readinge lIf the indic.tilllJ ayet••• lIY

beccee erroneous, thue creeting a lot 0' inconvenienc•• and alee .a~ reeult

in la •• of revenue. for continuous and precieien, operation and protection

., the eyet••• concerned, valta9!,re1luleton are •• Bantlal.

The"bbrevietionAVRill used for I\t<t.,-.....tic. Valtave Regulator. It ia

e deviee with the help a' wIIiehline vo1tRgecan be regul--. In feet. AVA.

ore ~ed in obtaining a predete~ined 'i.ed volt..,e fro- a verying lIr chan-

ging ,voltege eouree. However,AVRean provide with a _tent output only

fore eertein range 0' variation of the input voltcge. TheIlll.~ tolerable

volt..,e vlldetion for moet AVAequillWJ8ftteare 'ollftd to bll eround t.to;6'or ~I.e.

ncII!'illll1vo1tegll.

for equi.polantl11ka ~utere end cClllpuUngdevie., te1eviaione.

centzo1 equiptllllnt'or vadOUllindustdal inetallatilSne. tal..,hon. aquipllentl,

and other _unieation equlpoantr., •• all ••••d Illldilll abe rllfrigereting unite.

atll9ll lighting control dimmingequipallnt. breedc•• ting equf,..nt~, end lIavllral

.thllr equipMentend instal1.tion.. AVA.ere nlllldedfor lIIlO8thopar.tion end

"rotection.

- (,-



I~ an eutea.tic voltage r8gu18t.r there ere • ~giftg trena-

fonter or 8uck end 800llt tr.nafomu lindthe lIutClll.UcCOftt~l ,art. In

the .utoll.tic control portio~ ,there ••ey be ee~Dtor cantl'OUedby

I!slect~~ic circuitB or electranDcelly controll"d ewitching circuits, fDr

_i tching the tre~efoftlel' t_e. If it i" desired thet tlle IIUtputfroa

the volt8Qeregulator b•• fh"d to on•• velu". in thet c"" dectraceUy

controlled e"rvomotorie neeeseery fDr continuous Yal'ietion .t the in,ut
OJ "dele. But if it cen be tolereted thet the DUtputfl'fl/ftth" AVRCellr••• in

withi~ e rang" I •••y ! 5"' •.. t. vedetiDna .ey b••doneet the input eide.

Th••r" ere tNo typ~. Df At AVRequ~ente I

III tontiftUOUSverietion type u"ing servaaoter.

121 Discrttte verUtion type ulling t.,-81ft tch•••

Tho,AVRudng buckend boast tr.nllfomllr end ••~tel' ie shownin

fiO•• l.

ACinput ill a••plied tD the input t8ntinele of the buck and beoet

tr"",,fanter end the noul.ted 1£ output is taken frc- the output tBnti-

nele of the ••••• Theeervowootoreh.ft ill ••••ch.nicelly connectedto th"

lIlovingcontect~! the regulator tr_fDllIer. WhenMntel lin. vultelj8 ie

present g i" connectedto the point d end the tunefonter e_ndery ••

•herted to ehort eMItthe tnnefollNr primary Ibeceuse the inpedenee.f

the tranafonter will be reducedl. "'en hi9h line valt8ge ie ,rtteent lIOint

9 _va towardsb to buckdolla'lthe input wI t8Q". When1••• line volteoa ie

,..ent ,",int , SDveetower•• to boo.t up the input wo1tage.Rectifi•r I

,.••••••1188curre~t to the field of the sor_tor. r_ I'ectifiel' 2, the

rttf"renc.voltag. e~d the input to the ~erl!ltor ere .buinedo Whenth"

inp&ltill elifferent f_ the reference voltagll •• the input III: line vol-

t ••e ie hi9h or low, • CUr""t will flow th~U9h,t •••••• t••." ef the s"rvo-

lIotOI'.Thenth••ee~tor wUl •• "rDte the ~ted 9 .f tho :reguleter

tr_f011ll111'to ••eke required correcticm to the lin. voltege.

-"1-
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1-1. FOAMlLATlDN OF' THE PIltl!L!j!!l.

.' lit A.C•• Uaga nplotOlr, hevint the .UU, to booet • ft INIiIIdDoIft

tIIo ..,11 wolte9o ~ 0 ,~Wllllined value hH """ ...., •••••. WO"- Wt •••. - . -' . ~' " .' ' - .'

the. h••lfi' 0' tho i:lIfi.tirlol ••• ip b7 1'19•• IlIlCUoftiC8 i,n, tlhioh "'-7 wed *-
, ,.,....
thrlof,D •. teP.- i~•••• , 3. Dilitel I.e ci~¥ito hove~•••••• od ••• ClllftbOltho

output VItlteg. 0' the ft9UloWIr. The_enUel 'e.~ of the oYliWOhevoboen

0'-' in the block dt.g~ •• in flllUtl 2 Oftd3. ThelllIfIbOlcllrCUitdi•••.•

10 ohoolrtin 'ituftl -4.

'I' thlr1le,heeo clrcuiw. ~ c:anhol circuit 10 unci in -" ,hM., o•• ~

n\el,. 1M voltag. nplotolr -uw of (ll 0 ••Ud ototo _bOl circuit

(2) , It t •• ad h_f1I- lIlIld(3) 00111'1 owto wP. owiti:heo.

Thec:ontI'01circuit 0_" tho 1iJlo VDltl!p ondeatem- lllhatconocUcm

_t b••• &de.The ••Ud otot. '-' owitct- •• _teoUed ~ the _tIrol c:h-

cuit. Thewoeto'" ,-so, the tnnef1l_ •• lIlIIez".d ~ ttt.. The IrOIP'bed

conoctitm to tho liN woltoto 10 then •••• ~ tho tnnof1lItl••
, . , I -

,Thongulotor la dnigtlOd in ouch 0 • ., that. the output fzaa tho uplo-

tor will o1WQO~o1" ot 22D,~~ VItlto 'Olr0 vwiaUol' 0' iIlput VItl,... 'zaa

2DlIV,to 2Sl V. ~ ony0' the Uno vol,"o( to,,&Ilt,..L.)otWfto 0 val•• "n

thfill 250 V, 0_ VD1tooo,zotecUcm cilrCUitvi11 lIlIIoqtO0I'd tlfi, tho liN cii'O

cuit b~llr. When• foult _ in tho circuit 0' .Y ,~, Oft unW_

oeCUiOin tho 3 ,heeo •..,1, •..•. liN 10" ciftldt will •• - • aIId trill

tho lifto cil'CUlt h __ • 'lhen the liN wo1top •••• to 0 val•• 1_ then the

nted ••in•••• 0' 2DO It to (_troll tho ftiVOlriJotIibit -"'" will - ot lOVlc

O. Thla DUtltut1eeuppUed to 0 rol., tlhich vi11 •• onto oM trip U••• cil'CUlt

blrOllkor.Thoinverterond tho 1_ iflput we1\8tO"'-1' cUcuit _titute tho

driVOlrinhibit.
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.Anotharautput b •••.,.,~ the LtYSciRUit end ~.ct~

to ona input 0' ellCh"¥lll-,at.. ",us h lWIlll-9IIt..an al •• pzoh1-

bUild to opereta under.thie conci1tion.

The reguleting tl'fl8'OlWler14 deeionlldin auch a .ay thet it

Canstflll up the input volt ••••a • l •• ve it unchongeclor l!lifl>itdown.

The input ettenuetor reducB8tha line voltllge to a _ired

aptilllue velue end i'eedBthe input rectifier. The rectifiar rectiries

the ""lIetive halt cycl••• 0' the line 'requency end 'GHIda.( 'our) C-'

paraton. Alllongthe COIIParatore.two ere low trip point input COIlPare-

tor (lTPt 1 snd 2) and the other two ere hiGh tip point input cOIIlpare-

tore (HTPt1 and 2). Theoutput or the liIC.nier "ill bo proportional

to the input volteoe. At the anathel' input te~inll 0' ••ch CCllIPeretor.

a re'erence de 1101tllge ie eupplied. A vol tllge in the 'Of1l\ 0' equare .ev •••

will IIPpearat the output 0' e cllllParator. whanthe recti'iad volt ••••e

exceeds a certein lUtU. \/hen line volt ••••ei_ balClWlOGY,nona 0' the

CQIlp_retortlh... got output. \/hen the l •.••e 1101tltOe18 ~ve ZlOY.e-pe-

retor1(lTPt 1) will heve equare wev" at it'e output. Wh.,.lUte voltsoe

i.e above220V,caaperator 2 (lTPI2) .ill heve equare wev" at it'a output

tovether "i th cOlllperetor1. \/han line vol tllte ie abova 230V.ClIIIlPerator3

(HTPt1)•• ill heve equae ..- et it'e output, tooether with ClIIIlPeretore

1end 2, Whenline voltege is ebove 2.0V, e-peretor. (HTP12).ill hove

.quare weV" et it'" output, together with CCllIPereton1, 2 cncI3.

Theoutputs 0' th•• e cOIIlparatore•••.11 be fed to a .at 0' four liS-

flipanapa which conetitut ••• 'lnt l.vol 0' date .tor..... Clade pula•• ere

eupplied to the AS-flip-flap. to II tnn"fel" dets ,~ h ~ to the

output. Thuswhene cloclcpul"e e:e-.... the input 0' tha ASflip-flap .ill

appll8r.t the output.



"'.,output. of theee RS-flip flop•• re f.d to ••• t of four

Goflip-flap. whichconeUtut •• the .scolld level of detntonge. Clode-

pule•• ere ellPl'lhd to Gofliptlap. to rnpond to IIfItYcheftl•• of etate

.t their input. fromRSf1iPflope.

Ttleoutput. ef D-fliptlope ere • (eight) in "-er in totel.

Ttle•• output. ere connected to • .et of fiv. 5-inp"t NANDvet... Another

input h .upplied to .ech of the NAIID-vetHfre- the driv.r inhibit line.

So, in totel 9 (nine) output tel'llinel•• re di.tributed to 5(five) NAIID

veta.. OneIlAHD-oete",Ul heve output etete logic 0, whenend onl~ "'en

ell the inputa connected to it ere logic 1. Ther.potor b .i;ned in

euch • "'e~ th.t "'en the line voltage b in the reng. of 2lJOVto 250V,

onl~ one of the IIAND-get•• ",U1 heVIIlogic 0 .t it'. outp"t. Outside thb

nnge, the circuit ",Ul ~in ott. "'e output flOll _h NAND-ptab

inverted, converted to negeUVIIlogic end fed to, the get•• of triec. of

the pONeI'IIlIdule.T"",td.ce lIftdt.l, &CReconnect'" In inverse p.rallel

ea-prb ••• -"Ud .tate tepe •••itch. TtleSCR•• re coMected in ,,,vez:•.,",

parellel to pae current 'or both "••Ifc~l •• of ttle line voltage. "'a SeRe

.re connected to proper tap. 0' the regul.Ung tr ••••fo~r. Ttl. pair of

SCII8•••lch hew got triggedng voltltV" frDftl.' ~~ " dtrcad,t,
th., transforllar tap connected to that p.ir ",U1 b•• elacted. "'en the output

voltage ",Ul be deteZ1llinedby the reguleting treneto~. ror lent pOlofer

rat;ul.ton onl~ tdac •• n ueed fortep •••itc •••• But fol' high penoN'raQU-

leton, twa seRe .ra "'0 .dded to tile .et of twa tl'bee to ••••e one tap

•••itch.
Ttl. rapeting tr_to ••••r b e IIIU1Ut8pauto.trans'ortler",lth en

(A.u;d illS.ry eecond•••~ ",lnding. The.uto.tr ••• forNi' peri lin IlIt 6(eb) of tep" sb.-l.t..
point.. Ttle.u.Uiary .econder~ ",indingh.. gat e aolld"tap •••itch which

.horte the .econde~ eiet. "'en nol'llll1line voltage 1IPP•• n .t the .ina. Then

tile trans'orllar cora b~ e.tureted to reduce It'. lq1edenCe.TheAuto••UC

voltap reguletor el.o he. phese .ensing drcui ta whichcontl'ol. the tillling

of t.,..ehengee. Theph•• e ._lng circuit. en coepd•• d of clode.quer••••ve

generetor, twa ph•• eclodc \leneretor end e low input voltage, ellf\tlDr.Ttl.

clock-equ.re ",evegenerator converi. ein••••vee of line voltege to

.quue ",.vee b~ • IIOnDetableIIIU1tivibretor circuit. Theequ.re - ",eve.
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.Ie th••• COftvertedto tw pul••• , oneh ph••• 1 clade pul"lIIId the other

Ie phne 2 clockpu1••• "h••• 1 cladcpulee drivn the SRf1ipflap. 8ftd phas.

2 cloclcpul.e drives the II- fl •• f1ap.. The tw ,hase c10Clk-generow~o'4'l»Un

_thor pule. to the cJocIc.quan-wavo..-nto~.

ThelllO1input valtage e_~ dorcuit output is 1.c 0i--"'~Y .
whentho I"'''. volbge i •• bove 2OOV.Below200Vit 10 l.gic 1 • Thooutput

of ltVS is inverted" p.eiled through a orr end then aupplied to one input of

each NAND-gate.

Thetieillt di-tnllll h•• been .hownin the figure 5. ThoU.ing d10grn

h•• been pnpered with l'IltIpIlctto the block diegr••• of fi9. 2. ~ input vol-

bgo. at difforent ph.... ie .hllOInat the top of the dill9rn. Outputaof the

rectifiere .re .hown.t a', a2, a3 end •.•! D.C. rsfar_e voltaga is ehown

below. l Whenva1tegn et el, at, a3 end •.• ero higher then the refe~onca,
voltege. output of the caopel'8ton are logic l(on) ••• hewnat Al, 1.2, A3end

M. Clockphe,e1 end 2 are .hawnat , , end '2. R••• t-••t flipflop. are •• t

end rnet a•• hownat 81. 82, 83 end &to Whanany CCI8lparetaroutput 10 at

logic 1 (on)" putput laf the Sil.flipflop cla_ctad to that e:-,erator h elao

at logic: l(on). 0 flipfl., wtput i. at 109ic l(on) or logic: 0 (off) •• ehown

.t Cl.C2,C3I';! CI. C6, CTend CI. "'en any SRflipflep."utput 10 at llgic 1.

tha II- flipflop connected to 51 flipflop h•• eleo ~c 1 .t ita lautput. Tho

final output. of the control circuit are .hoomat 01, 02, 03, Of end 05. Then

cloc1c.quara wave,_rator output. Lawinput voltaga ••••••1' output and the

drivel' inhibit oUtpute lire .hown.

The truth table of the control logic c:bc:uit hn eleo b_ .hawnin

fi\l.-6. Condition_ for the input voltage are .uteed •• vary low. low,narael.

high end very high. for CCIIIpal'8tonand fUpfl •• a logic 1 1. on end logic 0

Ie off. ror N~O,at •• 189ic 1 10 lOVand 189ic:0 10 OV.After tho invert8&'

logic: 1 10 .10V end 10,iC:0 h.OV.Whenell the inputa to • llANOgeta 10

1111,1c:1 lID V), it' _ output 10 l.,ic 0 (OV). t f the input to the inverwra

i. 109ic:O(oV), it. output i. 10,ic 1 ( -loV) IIIIdif the input i. logic: 1

(.lOV), it'. output ie logic 0 (OV).At the inverter poaitiva logic ia

converted to negatift logic.
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1) Input attenuatar ••.•d rectifier.

2) ClIIIpueten.

3) ••.•!I flipf'l~ ••

') o-rUpf'1ape.

5) "ANn;.•• t•••

6) Contral power.upply.

7) Cleck-.quelP_ve genereter.

8) Twophe.e Clock9anerotar.

9) L_ input volt8'lle .""lIOr circuit.

10) Powermodule.

11) Lindo•• end overvolt.ge protectar c~rcuit.

12) TIf! changing tnnef'omer.



CHAPTER-II

".,. OPERATION or EACH SECTION or THE SYSTEM

-10--



2.-1. OPERATION OF EACH SECTION .1, '

Theinput line \/Ol\Ogeis dtenU8ted by e ei"9lo neietence'

ettenueter whichi. used to reduce the amplitude of the input wove-

fer-. It i. helf weverectified for negative helf cycle. ef the input
/

line voltage. Iti. then applied to the input ca.peretor. where it i.

comper@dwith. dc reference voltage•

..Theinput cOlllPuotoregeneret" e high Ul output if the nelleUve

peeleof the input line voltege voee lIore negetive than e I~set

value. There ere four input COlIPol'Gton.Twoore l •••••trlp.int end the

other t ••••or. high tripoint =-paretol'll. Theu ue .ed to convert

~~-:~ginput eignel to digitol .utput .igne!.

The.igno1. frDlllthe input campereten ore high (11 only for tho

tillie thet the inetenteneouo velue of tile input \/01tege is llIorenegeUve

then • preset level. For thie renon. d.te Dtorage is provided by RS

fUp-flaps which .tores dete fro- the comperetors. Th. flipflop is Det

by e high .ignel fromthe COBPeretorend reset by clock-phcee 1 et tha

lItert of eeeh n"eUVe helf cycle of input linll wltego. Thllraere four

RSflipflopll.

- '-0-



D-flipflope etorel. data fl'ClllRS-flipflope. D-flip.fl •••• previde •

eecondlIIvel of dete etorqa. TheD-flipflDpe ere c10clcedby Cleclc-ph•• e 2

in auell • waythet they can only chenga.tate (1) when• newtap is to be

__.slected end (2) then enly the input line voltalle ~eechsathe , ••••"~ valua.

~+£,NANo-9.t!!!1

5-input NAND-g.tee.~" u.ed bsceuee 5 t~a""folea~ tapa .n ta be

plevided; The-output.-ot-any_~AN_D--'I.te.181••• only when5-inputa ar. high.

Output. of fou~ D-flipflep•• re eight in nlJllberend c1i.tdbuted to 25(~-e.,..A.v

~~ input talein.la .f 5U.~•.~NAND,.t... Th"COIlbinetion18 in auch • way
th.t only one NAND1I.te ",ill have l_u~ut at a tiDe end .than ",ill have

high .!.ault,,"8Ously.

Theconbol powe~aupply (1) 'leVidn Dp.ntinll p••••~ te~f.tagn.

(2) genent.. a de nfe~enc. voltage that b ueed in vuious p.rt. of the

.",te •• end (3) providn a ,haee nfennea .i9no1 to the claclc .quereveve

genenter.

"'-,. 'T•.Clock-1M" W,V' ',",intoE!

Theclocl<.quare w.va g_nto~ ill • COIlP.r.t.~ that ~.r.. the lin.

ph•••• ill""l with. de nferencevoltage. It lIenent. •. ~tanguler ",.ve that.

9"" 1•••• horUy .fter the positive to nell.Uv. zero ezo.sinll af the .input lin.

valt8ge. It'. output ge•• high.littlo tt-e prior ta the nellative ta p.sitiv.

- ;1..\ --



ddV1llltho two-ph••• cloclr ' ••••nte".,

~~.1J.l!wirput vol,"' ',""I BreuiS,

Thelow u.ut wlte9a.'_o" cil'Cuit ._ •• the eutltut va1te9a 0' til.

Cltfttzwlpew8&'.llpply. It'. out,ut i. hi'" if t"" •..,11 wltelio ill too lew tit. .

l'UIt the cetttl'll1 dl'CuU. Thill eipd 18 il\)t8lrtedeM .eM to o-flip'1.... ThiI

«leta ill cloclredby claclr..ph••• 2. It i'e then .ent to NAND pt. __ n it

inhibU. nez-d ~ •• itc:h driv•• It dn 0,_ the ceMect IC1 oddch"JO'Pces

SCR. 8l'f"""",,ect.d inv.n. pvdld to ."Uch the '-P. a' the nvul.tiAlI

J=-1.11;.y", lu. end.vem!,"' '~hc"! circui',

cll'Cuit It" open circuit in the l'ltIU1.tOl'a" in the load llyet•• "'en the unila:1.a!'-.

'f'i.' , ",
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3-1. DESIGN OF' THE INPUT 'ATTENUATORL RECTIF'JER SECTION.

3-2. DESIGN OF' THECOMw,411l1lSECTION, LOGIC CIRCUITS AND THE DRIVER.

3-3. DE~IGN,DF' ntE r.O,IElI1MOOULE. '
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GENERATOR. ,/
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I

3-7. DESIGN OF' THE POWER,SUPPLY SECTION.
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3-1,~:DESIGN or THE INPUT ATTENUATOAAND AEliTlrJEA ¥liTlON,
. . .

- . ,'" .

~. d.dgned e:l:rcw.tfar input .U_tol' and neU'iel' is .hewn

ill 'igure-7. In the nnt helf cycl. 0' the Be p-r Cllpp1~,CUl'l'QIltWU1

n_ onl~ through the diode eAend the •.••ietol' A. In the aeccmdhi' c~l.,

current will beoppo•• d b~ the diode end ~ill fl~ through the vel'iebl•

•.••i.to •.• VAl,VAl,VRJ,VA4end the fbed I'eeitol' A. lh cen g.t ,.doue
CD

output. '1'0lIl then variabl. I'eeistol'e '01' inputB to the e-p.I'.to •.•• Let

us tel<. 250V'01' dnilln ce1cul.Uone ••••ich it! the ,""p.r lilllit '01' reVuletion.

Volt..,. at point B of the circuit b ebdtl'.dll~ choeento be50V, 1'0".1'

I'eting for I'.ei.tore ie lW~itrel'ill~ choeen. iw powerdieeip.tion io

coneidered through the reai.tol' '01' .e'et~. I' ".VI (Powerfectal' coneide-

reUon h not iIlportent, h.ra.) For the c••• wh.n the cIlecl!! J.e 'orward

binedo

.••• 250 III

V •• AI

.3250 ••A• Z x 10

A •• 125K.

for the cllSewhenthe diode is ravene bie•• d, the current "ill b. eque11~

.hered by 4 val'i.ble reai.tore. 20kvel'i.ble •.••i.tore ere choeanel'bitr.ril~

for the purpcelll.Tote! •.••btenc:e •• 'l!J/4 •• SIC, current •• 250/130 •• 1.9 eA. which

"Ul b. eque!l~ shared b~ four vadebl. redeton. Now,wec.n till' di'ferent

volteges frDIIIthe "eriable raaietora.
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3.2. D£!IIIiN 0' THECOM"'AA"5E~I10N •. LOGIC CIRCUITSAHD Til QRIV£l!.

'"
~, "

curreflte.

Wet11lletile reference voltege. VB • -'.lV.

ter-inal ellen;e.

'or our deei;n. ..e een eoneider til_ retetion.

[2.J
Vi • VR.

"
halfeyc1" of the Su,••.•o,Jco/ c>oL il:lput. Negetiye helt e~e h rectified

for the edventege of heying e c_n .erth Une fIlr both d.c. .ftd tIC.

C~>4J
Wecen telle the help of truth teble to deBignthe logic c1rcuite.

Nultberof CGRlPentors.4 (fIlurl. Nt8ber of RS-flipflop •

• 4 ('curl. N•• er D-flipflop ••• (fourl.

Nutb.r of No\ND-getea• 5 (fiYe).

The truth teblea ere .'-" in fig. It. _The '~""''-9I d1et1r.

h eh_ ift fig. 9. 5 input NAND-vet•• ere eelected. bllCaUtlQw•• hall

regubte the 1I01te9.et .5-0different p•••••• i ••• ; •• 2to,. ••• "o-250V •

. TheA5flipflop. end the D-n~1ape en .'-" in fig. W.IlAND-pt.

con,neeUoneare .tIootnin fill.11.

- 2:10 -
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3.3 Dt:SIGN OF THE POW£R MlllULE•

. '''~~.~'.. :,'.,':~'

we deaiV"ed the l'llvulator: _ llCVAnUn,. MedJe\a curnnt. to be

'000draWl.ie 2••0 • ".ZA. 50. weeehc\ t.he StRe and fd_ o~ 9AnUng.

Whentap 1 is to be eelected , the contral .eenobly dr:_, e negeUlIe

cunent 'r1lIIlthe ,ete 0' l3:!' Thia tur:n. ~ on end current tl_ 'ZCIlll £6

thr:oUCJh~ to the gete 0' ~. Thia turne Q3 on. When~ tu_ on, it pl'Clvidee

.a path 'or: gat. current ~or eit!,er Q, or \, dependingon the polar! ty 0' the
woltege at E,' If ~, is poaiU"", vate current tl_ frCllllE, thr:oUCJhClU end

~ to the ,ete 0' ~. I' [t to fteC)eUve,vata cwnnt n_ fr- E'6t~Iao~~

thr:oUCJhCll2end ~ to the gete 0' Qt. C, end R••~ e anubber th,t pz.otect
[5, i,J

the circuit from hiljtl dv/dt.

flIP. 2, 3 and" operata in the •••• oenner. But Tap 5 operate in e

di "erent lIanner. WhennoXlllallina voltage ie ,""ent, TIl"5 is to ba aelected.

Tep 1 h .elected to atllP up 1"" volta,e J.IOV to 220V. Tep 2 1. aelected

to .tap up very low voltaga 1200V)to 220V. Tep 3 1a aelected to atap cIllwn

Mgh volt8\le 1230V)to mv. TlIP•• is aelected to .tepdown very h10h wltega

~ov to 220V. Tep 5 ia .alected , whenftDdllal11n. volt •• e 1220V)ie pr •• ent.

Tep 5 which i. ~nected to E5 lIuet be turn.d on .t ell tie •• when

the contral power eupply voltage is too low 'Dr proper operetion end when

nozwaelline wltege is present I22lJV)• Thia tap 10 .elected, whenthe contl'Cll
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powereupply Ie clIIIingup end whenthe input ec ~l t.\l- 1. below ret.d .in~ ••

(below2DOV).When1IO",e1line volte;. ie prellent the contect ..,itch IC1 ehert.

th. g.te of Ql7 to 9round. Whenthe control pawn .upplJ voltev. ie b.law rat.d

lIiniJluo, 1(1relII.in. open. G.t. current is then provided to QlT fram [5 thro~Vh_. \

R1T and C5. Thie turne Ql7 on whichturns Q20 on whichin turna QlBand Q2'

on. e1tem.tely.

Ve fint con81derthe current liJDittng r••••ietore' To !i.it the current

through diodee end Triece to 1'1I\A', w. ehould Ullll the ra.ietor velue .e

$.~ -;:::QRJf~~"",,e.C:"'$t~'l:P.1-"'$O:ko"",,eie evoileble, SO,;l$'6Ij(O""'~ K~reeie-
"1'0' ~ ~ ;;), I-

tore nelleed. DiodesCRl end CR2 ere de81vnedfor 1A500" uti",. f"orenubber
, . [t)

circuit. let U8 teke ~sa ti.e oone_t.

-6SO 10 • Re.

let ue coneider e very low reeietence e.v. ID ohloe.

_6
So, 10 .. • 10C

or. C • 0.1 ufo

Voltege retin9 ."ould b. appro"btetelr SOOV.

SO,0.1 uf, 500V,whichere evoilable ere ueed.

Th. circuite for tepe 2. 3, • end 5 ne to be of the ••••• de81vn•• the

circuit for tap 1.

-34--



"b-lr,1" Th" dedqn eh""t for the reguleter trenefortller h given belowl

PC;SIGNSHEET

W• KWoutput. I(VA'output. 1.

PriJIsry voltllge • 2OOY,

5econdery volt.g. I • '2ZOY.

~ very 10.. volt.g. condition
) . (tllP2 .dec.)

PriJI.ry voltage. 2l0Y, ) LON volt.ge condition

Secondary vol tage • 220V,
) (tllP I eel eet)
)

Primary volt.ge • 220 V, ) Nor-.l volt.g. condition
)

Secondary volt.ge • 220V, )
(tep 5 .elect)

PriM.ry volt.qe • 230 V, ) High voltege condition
50c0ndnry volt.ge • 220V, ) (tep 3 eelect)

)

Pr~ry volt.ge • 240 V ) Vary high volt.g. cond1tion

5econ•.•. y vol t.ge 220V,.
) (t"" 4 .el "et) •)

i



CW:uLATIONS

1000
• 100(5+5)

.1

90, turn per vol t • 1
Current density. 800A/Sq. in for copper.

1
800

1000
200

• 0.00125 Dq.iR.

• 5A.

CroDe-.eetion of the ~ir8e O.00125x5 • 0.00625 Dq. in. or 13 SW6.

The croDe-Dection of the core ie .hown in fig. .,.~,

/./
/

When the eroDD-section 18 Dqure,
2 2 :1 _2 2 .W + W • Cor, 2W • C or W • CI •

A •

Cro.D sectional Dre. ie given by the formulD,

E • 10
8

25.8" 8

Where A • ero,.-seetion in sq.in.
E • volt. per turn.
f • frequency in Hz.
8 • ~.tic flu. density in geusD
f' • folth fectol' ••1.11.



Here,. B. 12000 .1IDU!,O.

1 •• 108

A • ------------ • 5.8 eq. inch.
25.8 •• 1.11 •• 50 •• 12000

The !libelled aketch end the rsgulDtinV circuit gf the ltetJu1eter

trenllfgl'llelt ill lI'-' in fill' 1It- •
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51. NIl. S-ry of CalculaUona

1 Volts per turn. Vt • IY

Tappoinh 1-2 2-3 ~ "'5 5-6 .', , 7"
Windingtl q .. ~

NIl.of t"me 10 220 10 220 10 20

3

••

5

6

T

II

9

NIl.of coil" .; 2 (On"'is ths .wtitapsutotr_i'o_ end .ther is
tllJths s"klliery eecDndarywinding)•

T"ms p"r coil". TheIIu1titep autotrcnarortlltr ponion hoi.bellR

designed for ••70 turn" and th" suxiliary eecondary

windingportion hes been deeigned for 20 tur" ••

Current density. A/Sqr. in•• 800

Cro.e section of Conductor• 0.00625 sq. in.

Oilll!nsionof the conductor. 13 5WG

Cross-eeetton of the core. 5.8 .q.inch.

and IT conductor .izes .re the •••••



3.••~. The deai," .heet

is giveft belew.

QESIGH SHSET

VADUtput• 100•

Pri •• y lin_ volt.~e

SecGndarytap paints

• 235 V

• 15V. JOV, 125V.

The labelled _etch .r the p_er eupply tr ••••f.ner 18 .hewn

in fig. 15.

-yo--



il'J.]
CI:O•••• ectiond .ra., __~ •

H.r., B • 12000 gaue ••

"

8
E "10 'Sq. iii.
25.8 ,.18

so, ~.• 0.2 • lOB

25.8 • 1.11 • 50 • 12000
• 1.2 .~.inch.. '.

rra. current density for capp.r,
Cra•••• ection of wire. 0.00125 • 0.5

• 0.000625 .q. in.

Size Df the win, _ • 22.

I
I,

F~OM ,ooV

TO '- soV

I>--'----
I

-!-J\-



51.IID. SU-ery of Ce1cul.Uone

1 Volts per turn, Yt .0.2

2' Tote1 no. of turn. 1-2 1•.3 1'"

15 150 625

1.5

1115

3

5

Cros•• eectiDn of the wire, Sq. in •• 0.000625

9WG. 22

Cros. 8ection of the core • 1.2 sq. in.

It is en autotrsnefo1'llllr, eo the conductor sh. b the s_

throughout. [~,IO)

~}
supply to 5(five) IC. require 500! ,IlIAor O.SA, _idedn9 10011Afor 1 IC.

Power. W. mv x 0.5 • llOV. - lOOW'::t lOOYA. [I)

Elipirice1 foreu1iltl,
I

£.
100

If •
( 5 + 1)

W

100 (!HO.5)
• If

551

or,

liD,

...J!. vo1t./turn.
5S1

turne per volt. * • 5.5 Z' 5T/VOlt.

liD, for 2:lSY,No. of turns. 5 x 235 • 1115

fol' 125Y, No. of turne • 5 x '25 • 625

for 3QY,No. of turns. S x 30 .150

fol' 15V, lID. of tUI'lltJ. S x 15 .15



)..5. OEllI6Nor THE C\'pCK-SlIJARE !Aye: mEHaTOR N!D THE DfO:PHASE: CLOD( &p!E:RAmR,

[.. , '

Theein:ui t design is ehownin figure -16. .. .(1]
Theclock .q•••r•••••v. Ilenentor ill • eonoetebllleulUvibntor.

ACOIllPr.torill ualtl,wheroreference of '.2V is 1PP1ledto the inverting

teIlll1na!. AC.voltege ef lOVIllS i.e. l4.1V •• dllllA ve1u. I ~ 15Vl

1s epplied .t the nan-inverting te~ine1. MC33021C1s UBGd.C, i. designed til

f"38
101(_._-

I{)V Ac.

---=\--_. __ ._-"'-' --
-(;'LV l2-E.f

+

.../ C4
~-_.~------ PH /IS-£' 01-\ t.

CLOt. •••.. f' V I_Sf.

-6
h.ve the ve1ue0.1 uf 600Vend R32• I ole •. W. Tiae _tent O.lxUJ.)( 1 •

0.1 u Dec.

CR.1 is .elected for 1.P.f. 250Y.~t is used net to etwrt I-lOll) lin. to

1nput dgne1. In the first holf cycle current fl_ ,_ the line threugh

CAsto e.rth. In the Secondh.lf cycle. current t~ eerth threugh C,' ch.r-

g1ngthe cllPeeitor. Ageinin th8 nellt W'Ccyele, the cllP.itor di.cheir9_'

Theci;p.cltor C, w111continue to be ch.reed till the Voltllle re-ehn the
. -U>

reterence volteQe. DiodeCRll!is provided not Ilhart (-IOV) 11ne to inverting

[It]
Thetwophne clock gener.tor h constructed by 1nvertercend cqlK1tors.

term1ne1.Thetrigger pulse ~ 3 is given to eIl.nge .tete .f .the IIOnaetab1e
,- :1

lIIultivibr.ter. L;

Thecep.ci tor ••ill be chel'lledend dischel'lledonly eround rieing tille end telling
.- " -,'.. .

tiee of the .quer_evo .nd pubes ere produced. Verylaw timetconstant ia deei1l"ed. . . "



.e, 680PF'c~ltCiters ere .elected, R.datora to euth ere ee1ected for low

vDlue.~.Th.pula.a g~ner.ted ere ehawnin the ti.ing diagr•••

3.6. D£SIGN OF' THE: LOW INPUT VOLTAGE:SENSOR CIRCUITI

Thedeeignedcircuit i •• hewnin fig. -17.

Thelew input volhge .enaor cire.i t is .1.0 EI 'e.."'p" ••.t..r. Reference

e' 3.3Vie applied to the inverting te~inel end 10Vd.e. i. applied to

non-inverting te~inel 0' the COlllperetor.Operetion e1 8IllJlli'ier 0' the

camperatorh.e 98t R25the bi••

of 0.1 uf !IOV./127ie .f ve1ue

reeistor of value 20K.nd by p.e. capecitor
A"'''J.

391(ie the ehart betweenautput.the ••••n-J.n-

verting tellllinel and h provided tl3 .eke the gain of the ClIIIlPeretorunity.

R
26

h also the biea reahtar 0' 51(.DiodeCRais 'or protection ef the

circuit,CR1J is of value 4.7jt, lOV, e1ectrOlyti~1cepecitorI2. .,~
reference constent ever very quiclcchenges.' ','

to .,eke the

Capacitor C31 uf 31DVpaper type is used to prevant ec to cometo

de line, because both ClCend de eupply Nlve 98t the a""e IIDrth. Reeietore

R
16

, 17 end 18 are D' velue 100k l/2Wend are pravided fOr earthing the

[4J
inverters.

PFi
..lIM

YiK

o.
TO -loV ,,'-1.1'1....1



.1 T'f'~.. "1

~7._0mGN Dr T!ttpoWnmLY .Wl!!!i
.; - - .

""\t:..tIn =f' t,.!>fn.- Pc-"" .••.r ~.;;_,;:- .. ' '?n"~:~ : ; I! ~. ~Jc.:.~....--,~-~ -,_'"~-~...~..... -4 '"(;.""~'.'~ ....••.•, ••

ThedeaignedcbcuU ie shownin fig. 18.

Thie pO)fflr.upply circui~, i. ,deaignedfor en ouiput valtep 0' lOY.
~dee 0' 35DY,lA rating .re .elected. RiodelltR 10 ••.•d CRU f20mthe

full.ave rectHhr. Therectifhd volt.,a ie fU~arad by C. of valUII200

uf 16Yll1ectrolytic. Thevolt.gs 18,retu18itedb~ the lOYI••••• dio~ CR3',

~ Zanet diode CR.isus~d for revu1.tion of,~6.2VWhich1. IPPl1ed ••

r.f'e,ence ~1't ••• ,to,;: .e ~llPre ,.nd low input voltege~~D'"circuit.,, ' " I;H.)
R
22
ls • ~ reel.tor is used to li.i t current throu;h tR.. - '

-'.LV
HF'

D,
,0 JA!r

~
+ IN
J..O 1>

~
~o•.•~fl

, • F- ,4-LL
&'t1'tfo~

t>J,.



3-B. !1!,IGNor lINEL055ANDOVERVOqAGEPROTECTORCIRCUIT.

"

Ttl",COftPletelinelaee .nd overvoltove pzatector circuit h .hown in

fioure 19.

line!o •• circuit oper.tes whenthere occurs an unbal.ncing due to .hart

circuit or open circuit. Whenthe unbalencingoccun du•• to aVQVOlt<ag~in .ny

phe.e"overvalt.,e circuit will operate. But whenthe unbal.ncing i. due to .hart

circuit, open circuit or low volt.ge in .ny phes., only 1inelo•• circuit will

operete.
3-9 1. DESIGNOf'THELINELOS5CIRCUIT.
A. 'LOt Ui desIgn ihe circuit for unduvoltage, it will be .uffictent. Bec.ue.,

the circuit, then, will surely operete for ahort circuit ar op.n circuit. let ue

de.ign the circuit for eay' 5" under volt.oe b .ny ph•••••

vosa, ph.se volt.ge will be 220 li?
The above figure. h.ve been teken by conaiderino noainel pie •• volt.ge to

be 220V(line ""ltmge to be ;~~Dnd only voltegctl-i""r •••• d ere unequel .,.d

volboee differ in eque! ph••• enoles•

DL£.. A •• 2.2•I D'.

. "or deeign pUl'I'oee, let u. e-~OArR, , R2 and R) to b. lOOK,lW. Th.,
figure is eelected by tdal .nd errer """thod, teking into .ceount tho lOw

reference (b"Iew Iovl of differential •..,lifier,[14]

220 L!.-
I na'-loo~

Ib'b •220 I 1200 • 2.2 L-l,2OoA
100 LJl.0

0

Ic'.
210 /240 •• 2.1 LliOQA

•
100 ~

Whenvolt.oe •• re bolanced .nd coneequently line curr.nt. ere .100 bal.nced
becou.e of b.l.nced thrlle ph.DIIlIOlld,

Ie'. + Ib'b + Ic'c • °

•
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I
, '

But when. the vol tel/ell .re> unbalanc"d ond conaequ_U, curr_t11 ~rlli '
I

, alllO unbalenced o. ca1cul.ted lIboV1l•.• current will flow t""u~tti8':p ••~h,',,,.
,- .

The circuit deai," i" "hownin fig. 20.

f
, ,

/ , '''":,'
. ,'~1~,

\'1(."2.0
'~ i

'To ~"" 2..

,
~ !. ,

. i~

CR4
--p-l_.f - .--..'-'-..---.-'.

I.n_o J'-'
?.2.DL.0!.. V }~\'l
t ./ {Z,

0.- ----------./ ~bIOOY-

I
C

Th" value of the current

000Ing • 2.2 L£+ Z.z!.AlP + 2.1 L2~0

• 2.2 + jo + 2.2 « -D.5 + jo.B66) + 2.1 (-D.5 - Jo.866)

• 2.2 -1.1 ~ 1.91 ~ 1.05 - J 1.~2

-(,2---



tan -1 !W!10.05

.fi -1• 0.0025 + 0.0081 t•••

Ii,
!
:'

.J0.OI06 t.n-1 I.e

.' 0.103 L60~A, considerinQ flO _r••d.tenc ••~Uh th••n~"be1. -

L••t Ulteoneid••r, the refer ••nc., voltag•• ltllt f.r the di'fuentie1

lIIIIPlifierto b•• 6.2Vfor deeign purpOltelh6.2Vac"a"l'°'diodn .ra

.v.Uebl •• 0 '''- erder for the Un••l•••• circuit to IIp.ret., voltllga

.fter CR
4

muet .xceed 6.2V. L••t ue conaid••r tho ve1taQ. fer our

d••ai9" PUrp.II"to b••6.2V. d.c. Th" ripple voltall" ie neQ1ectedfor
o [,,]

design purpoll"lt.A't"r recti'icetion, the he.lf._ve ie •• intllined .t

I ••••iIIumvalue ,byth" filter cllPllCito~Ct •• ,.hovn in fiQure ",.

;
I ,

N E&I.UTI \'\G,

tv~ --------
(cl )

(b)VOlTA6£ AFT/OR cR,4 WITHOUTCI.

~'e.-.21- t,,,-

(c.) VOL TA<;.[ A I' '1 E k (' \< 't
\NITH CI CO~S\\)E-P.\\4&-

1',\ PP Lt- S .

, ,

,
: i

-, '

,

l:
,'I

:\
Jj:I.

o' ,
l
, !

t :



So, V •• 6.2V and
.ell, .

Volt~e before CA4

V ~ •• 4.4V
II'S" 2

In erefer fer the VIIltege to be dovttl.,."d at the ldde of R1, R2 end R3
4.~

i.e. b"fors CR4•Reeletence RS" O:I~ ,,43.1 olDs ~ 45 s~e, 1/2'11.

To provide II p..th Jor nitgeUve half cycltt,redetancs R6 18 pnvidsd for the

rectifioelvelue of R
6
is chesen o. thet ~ ef current throuvh RS~ill be

dreined •. Sfl, it .,UI be 8~ or 8 Ullee the RS i.lI. A6" 45••• 360 o~a,

1/2V. In this caee it is thelDttJf'to th" r"ctifier.

(e) CA
4
ill aelected of 250Vroting which is avoUoble lA e.,ocity.

The fOrlllwollfor fU ter e""!lei tor is C "

WhereA "load reeistance in o~s

f " frl!Clu"ncyof ae e~ply.

196000
3 fA uf

c "

f"

"""aci tance
7960003.~lJ;360

in uf

" 14.7 ufo

~ 15 uf.

Sin~e it is e filter copacitar , ~e selectsd it of ttlectnlytic type end

because the voltage in lo~, it of.2SV rating.

(b) Taking l~A current through the circuit, Av ~lOV

, llLc" "Il.v
1 II 10-3 II 20

10
-3

II 10, . • 2.0 uf.

Design (b) 1s preferred.



II) NMIlet uti deeign the circuit 'Dr the 8ituaUon whenmi. p••••••b open

circui ted •• tlhownin figure ~. for dnign we .re required to ••••.•••••••

valUt!ll.un •••• lIlIIPirical f••~w •• and _. theoretically pzovlld.tabli.ho!J

fIIllllwlle.

RS- +

1
1<6 r c,

1"' S- - -

/
Ct

/
C

fl., look

c

7.

c RIr
... -- ..._~._--- -

TO &. '-
---_. ,.

22DLi. "
1.'11 • looLi. 2.2 Lsi A
Ib'" • 2201120 •• 2.2/120. A.

~
Ic'c • CA.

•••• AIng • 2.2!JL. + 2.2tl2l[ • 2.2 -1.1 + Jl. 91•

•. 1.1 + Jl.91
~2. 2 -1Ing 1.1 + 1.91 t.n

.~1.2'.+ ~.65t.n-1

1.91
T, ,;y_ A

e¥MM A
Ing•• 2.~ A. considering no re.i.tanc. with the neutr.l.

R ••• 2 "- l/ZW5 • -,:r e. a•••••

All • 16 0.... l/ZW
c • 330 uf. 25V.-



0.-
1

(I;) pi&! OF UfffiLPSS 118A!llJ_. .

"-

TO~2..

+
C,

C1Ut

o
~~O Li- V

n [ _,,~O610°)/ - - - - - -_.-
j:)

b'

Ic..

bt lIlI ca.,.ldeRG. fer deel1" puzpoae, wltege .fter CR. to "!IIS.~_ de.

~ ~lt". before~R41. ';2. • '.'V.
8y triel IIftd ernr, let ••• fix tilt! n.1etence "s talDlC, __ t thzeugh "s.

'.41."9 • -- • 0.46 mA, a ••
10k

I.'•• I~'b • Ic'c • O.

- S"2..-



Whenunbalanced condition a.iet.,
a

lao' + Ibb' + lee' • 0.46 m:.:~.
Con.idering unity ~ower fector.

Q . D 11.-3
2.2 iJ£. + 2.2LJ.2O + O.OlV1240 • 0.46 0 J( 10

o •O.OIVlJ.40 .• 0.00046 - 2.2 - 2.2 !.!2O

VLl.40o • 0.046 - 220 - 220 1.-1200
o 0 0

V • 0.046 ~240 -220 1.--240 - 220 1.--120

• 0.046 I -0.5 + jo.866) _220(-0.5 + jo.866)

• 220 I -0.5 - jo.866)

• -0.023 + jo.040 + 110-j191

+ 110 + j191

.220 + jo.040

.42202 + 0.040
2

rV 220-
'-1 0.04

ton -:om
!L

50. Iotllcannot get thO!rl!tlult, ••ad.tion above 220V 18 negligible.

SO, dIIt!Ii9nIe) ie ••are realiatie

Tho o"Brvol tate condition in any phaoe will eew ..""<U ••.",,c.•• to the 3(Th~H)
J .

ph•• e oyotl!llll_de. But thie unbalance eond~: ....•• ill not be ouffieient to

operate tho line10011 eircui t. So. to •• nota tho liAe 10•• cireui t, C8IIlPletll

open or ahart circuit io.fteeelllloryin any phaeo.

_ r::; ~--



3-8.2. DESIGN Of' THE DVERVOLTAliE CIRClJI1l.C

LitlE

b

TO 83.
(1 ----j _.

.h
T )~'/d IbY

1-
HDv• p~r1eet de val."", 11 obtained by the 8C .~ly ia IIlhlnm in 'ig. 25.

J
V". / __\ _/\

\ ! \

\ / \
j \)

(0--) V,~LTAGE 12,E:F,"i<E (121

[~_/~-_//~
-~-------------- _ .._--".

(t) VOl,A&[ AF1U:Cr<1
•

INn H C 2 C () l'--\ S \ t) ( r \ ,,1 (,

R\~I'L[£.

V,~f(\ r\ 1\
t---.l_--.J--_\.c- _\.

(\-:;) Vo LT A GoF r"F -r F.F C V :
.-'/ IT fj (1 U T (', ~_.~

------_._---- -- ----- -

(cL) N E:G- L £ C TIN (, R \ PH £ s. .



3'"I. ----

Let 1M 811."e 6.2v, .t p.int ., when ••t p.int b, vel telle h 3l0Y, fer dnilln

purpllselJfiJ

(310-6) I 6 • ",2 I""
304 I 6 • "12 I "'1

S-, if ",2 .30 41(,

"q .61<

Or, if ",2 • 1521<

IIq • 3 k.

T. be an •••fe side. by tri.l and errar.

w•• elllCt "12 • l2lllC

.nd IIq • 2.2K.

"ne1Y8ie -"- th.t thellll .lIttuld be.f 1/2, Wratinll

CII, i•• elected f.r SOOYrectifisr end 3" cGPaeity, bsc.ue.,

Currant
I

t eO 310
125

• 2.48".

6.2YreferenClI ie the •• "'~L",•••••It ca,; be varied fsr 4Y te 6.2Y.,

- Ss-



~'J

796000
C2• ISO x 6 x 10 • 0.88 uf

ve1tage i. aelected t. b. 10V far the capaciter.

5i11lilar circlli te are constructed fer the phas"l! 2 and 3.

Deaign (bl

• 20 uf, lOV.

WhereAv• IV.

Design (b) ill prefered.

The deeigned circuit ia ehewn in figure 14.

,!_~t.•..•_ ., .vervol t.ge

V, I V2 • 120 I 2.2.

Whanreference ie 4V, the circuit breaker will trip when

V, I 4 • 120 I 2.2.

V, • 22OV.

Whenreference in 6.lV, the circuit breaker will trip whan V2• 6.2V.

V 'I 6.2. 120 I 2.2,
V, • 34DV.

Ise, .ve~lt0ge liJait Illaybe fixed til any value fral 22DVta S!tOV.



'-11.3. lIESlliN or TMl: PCMR suPPLYCIRCUJT,

,0 C1ltV
____ --Iv_ REG. U L ATO l<-

I
TtlePewr e"""ly cireuit h .'- in figure .z6.

. eRr;
P-I

T\\l2. E {: P ~ A~f. i:P-(,
b o~-_ ..._--~-",-"---_._.....

c 0

(p. 1-
--~ .._--_ .... f'I6.26 ..

Ttl. eUlple thl'<!eph•• e helfWeverectifier circuit b pref.rred qeinet
. . [I~J

bridge rectifier circuit by eeneider.ti.n .f the epplicaU.n •

••••rt eireui t in the circuit. lntin! te curr""t will fl_. thzeuvh the

dill•• Be• reehtenc:e b used in .fti •• with t'" circuit bn.leer trip ceil.

TtllIrectified walt.ge. hIlSthe l!Iegnitude .fter filtered b. CS' V•• ~~S6SV.

se. the dieci••" ere .elected fer 500V_. i. e. lOSV•••• T. liai t the current

threUlJhthe e1iede.te SAo e R.i.tenc:. is~te b. clI""utrA..in .ed •• with

the cbeuit bre_er trip ceil. set R + RTt• Sed •• RnJ..teftt+TCn.i.tenc:e •••

New.w1\ev. retinQ .f ~5 te bIl .elected 10

A ,,; A.e + Rrc • II?> ~ rv 11S ••••• SW•

.~v.

C5 • 196DOl1 'V
150 • 1 • 10 • 5.3

5 ufo



120
t • -un- II :"0 • 2 • 01lC.

• 5 uf1::5 •

v. 2DOO v.
'\ .' ,-

,.\ ,/ ./ ,>, '\/ ' //.-'. '\ /' '
1'/ i \' \ /

i~ ;' I' \/ '
I , I /"'- ---. '._ _ __ V I / \

,i \, ~II /" 'X i \ 'I'"~ ,,~\, \ \,j / VJ-L

,j ~ \..j' \" ,,)< / '., /\ /
THREE PHASE SUl'PLY J \/ \"-

.. --- --~.._-~-_.. ~ -_._--~ --- - ..- - - - ------- ---- .. ---- -----._--------_._--~. __ .__ ..

- .. ---------_._.,._---_ ....-------_.t~~n------,- .-,----- ----" ..' _.-

C-------- ----------------..-- -- ~------- - - ---------- ----------- --~------ -

(c) NEGLECTING RIPPLES.

500 V. ch~inll of c.,.sociur U be 1m •• fo aido. 4 tillee, ~ • 2llOOV

Dnign (b) ia preferred.

•••• 0 perfect •. do 1181tollo to obtai nod fEOll three phooo IICoupply ia ohe,,"

,.



I
I
v TO sc.R

A NO DE

O'L c, e,Tc.

~~--_...-
c ~I~

565
1t21

)

! 8 +

._----_.__ .-..~_..•...•. '- - ._-_._-_.-

The"Peratien is lJIIprtlvedby uoi"1Ithe tranelietar lae' fer current aIllP
lifi
-

cetien. The~binatien ef tun-ieter lae' diede tR,O lIftd••••i.tar R21end R23

cen be ceneidered ta be e e-p.sit. ahunt reguletar device.D~)
. [I]

Thacurrent ef the CfJIIIPee1tedevice ia -

TheoiJopleahunt reC)Ula~rby tR10' ••ill cauee diade cllrnftt aillnificant and

larg
e
chen,.. 1n diede current praduc.. ei,ni ficent .c:h8,.,.. in leed weltall

e
•

I

Fl!o !WI

Thuethe di.de current and diec18current chenllfJOf.r the cirelli t •• well

lie au\put veltella chell\lee••ill b. ebeut lIhfe •• ell" theneLaUer quenti-U_

••itheut the trenaietere ~.



V
LD

••Operating C_in •.Uy cen"tantl laad veU.,a •

.. ,~V

v •• SUpplywaltage •• 565'1
.11.

T •• l5aC

RI •• saure. reeiatenca •• 0 ahlla.

Th. ".,ri.. tranabtu I'Ulit have a pawer rating .f PT •• 565 • 10-
3
It

•• 0.565 II

The traneiatar, MJ[l3l103ia aut tabla hfe •• 100

•• 41.1K.

9, 211.

4-::r- ,
10 • 10-3

SOk, 2W
••~.11~

rv

••

,~ •• ~61(
2 • 10.3
, .3

II 2 II 10 ••0.211.

••

I'••9~

565 • ~

10 II 10.3

. .3
Pawer. P •• Hl II 10 II 10

9~Vb aalected a. regulated veltage which ia 1/6th .f 565'1.

Diade CIle and CA, are far .ver la.d pratsctian.



3-8.5. ZSIGN OF'TIll 6.2y AEGU¥,TORlilRtuITa

I\TOR

3
!J4 • 10dO d + 6.2

Ii-----r--i
"'1-f\.I., i, iC i-?-\ ",e. ,f -.. ~- (+

G' 2\/\ It'S
~. ~) 1)

I' R 0 {\I1

(14V" E&'ut

I •
BI -3 • B.8
10 • 10

~ 10 IIA.

I~

rIli. 29

The deeigned eireuit •.• shown in fig. t-i::t . [I bJ
The reference is .rbitrerUy ches.,a. 6.2V. 58, 6.2V ze~Q••r. diada i ••• ed.

In 821A, Zener hell get thess charact.ri.tic ••

"24 1s selected 10K, IV .rbitr.rily which will drep •••• veltage bafar. the

regul.tar end li ••i t current.

c" • 1 At
Av •

-3 3
0.8 • 10 • 20 • 10

6

• 1 uf, 10V

R
22

• 2K, 1/J2V .rbitrerUy chelan t. lilli t current and t. dzep ••••• ""ltall •.

b.fere the 1.tch.

- .
CRt2 •.• fer .verveltage pretecU.n 2SOV,lAo

.- '-.



I.
I

•>.

4'.,!o'v"
INPVr

~----- -_._-

• • I

-8.1 1D(~~fiNOF TKE..OtFFERENTtAL A~LtFIER,
I

I

"I.

"i
. q>~Q"I

\NPUT

FIX. 3D

Thodeeigned circuit is .hewn i1\. fig. ao .
I

C6i.e b~... iC':"'8Citn.

H
19
.ie bi •• real.tar, 10K, l/2W.

1t.t [IJ Ie, • 1>.., • Here we c." t••• it 0.1 ufo

ThotrDllsietere "ill "-ve t. "ith.t."d tha valtaga af &beut15V. sa.

2N6515 for NP1II-Sitranebter ere.used.

2N6518 far PNP-Sitra"aiatar. ore.ueed.

R20 • 10K, l/'ZW.



Th. veltag. ta -thll bUll .f tre'!llietar ~ fi Cliftb. verled fre- 4Vtil 6V

by the varhble red.tar illS end R:!6 h the curnnt U.it.r •• dlitreril)'

Ct..en •• 5 IC.

Ca .10 the filt.r CllPacitar cheiJen•• 0.01 uf. 25V.

SIIY,~h. bll•• veltegll til "li ill 5••••Thill SVthrew,," the •••itter lIPp.llre
,

IIcre•• R20with II drop .f.O.TV•

•i,ll, VIl20• 5 - 070 '? 4.3V.

But the VDlt.g. ill required til reech 6.2V.

iThill rllf.rencll •••ltall •• f 4.3v w.Ul pt.""lIfttL.S.,.9',I,D:V. ~tOllend

..~'OV til app.ar ,acre"'~2Ci' .nd 4.3 V will ftIIt tPPlIU .t the b•••• f'~.

:~ ..,d Q4,Wh~n L.S •• l!: fl. 9\1 l1l/I ~ OV l1l/I 9i OVwU~ __ d (4.3 + O.T •

SV) the r.f.rence •••It.911 ., ~V. ~he full velt8ll. acre•• !'Ze will bll
. ~ .,'

fre- ~ er~ ~'i..Q.e'.JI lIs'- Thi. b••• current .f.~. ~. ~ IIr CIs' will

CIIUSIIcellectllr eurrent II' t" CII,nepllftdingtr_ietllr til incre"!1

IIh.rpl)'. Thills~~;.j>'incre"l1 IIf c:".Uectllreur~t will 'lew. threu~h the

bt••• f Q
t
whichwill C_II .h •.,_ i,nere"l1 ., ee1lactllr eun"" ,lIfCl,'

whi.ehwill heVII'1I:rwe:rdpath threugh ea1ttllr ., ~ end 1120, when• IIhe:rp
(1J

incms •• f veltllll. will htPPen acfte. R20,

Ir



3-8~ 7 pESIGN or Tfl! SCR CIRCUIT.

't
," ..

TO•••D \ f fA t\lP

•

F\ (,..'?,\

Thed.,.igned circuit h .hewn in 'ig. ~"

rno. previ •••• canaideraU.n, thll$CR Q7h .elllCtad "lor lOAr.UnQ.

8ee•••••, "II U••ited thll curreftt te SA. sa, dIIubl. I., tlII<anf.r rating.

Velt.ge nting Ie lODDV•

After thll velt.gll ., RZOIIICC.ede6.2V. CR,. will brNkdllwnand

current ecra•• R
27
ie lk by triel end errar lI.thood,",0.01 oaf~V Ie •) ,

bYPIIIIIIcapeciter, .rbitr.rily chllllen.

dv -,Highdt "ill .h.rt circuit the SCR,which i. dangllreuefer it.

sa, the $>I."kr R
211
end t

lO
ere uelld til preted the 5CRfrea hi\lh dv/dt.

At the till •• , triggerinO IIf SCRend trippino .f the circuit bra_er,
[1-)

high dv/dt ••ill appellr acr". the $CR.

~.



,
During th~ high dv/dt undiUsn • penUel circuit

CtW\s~~,tl\'3' ,'sf R
28
mftdC

10
ie pre vi clodte .here the cuneM ••••ich would

otherwiee fle", threugh the SCR.

dv-,dt
1.-C • 565

1 lC 10-3

10-3 lC 5
C • 565

••D.l ut

-3 -2• 0.01 • ID' • ID

~ lew resistence R
2B
• 10 ehme i••• 1ected te limit the current threugh

[8J
the cepecitar for the •• fety .f the cep.citer.

-(,5-
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4-1. DISCUSSION,

Theneed for • ot••18 .c pewerCJUi'Plyn•••dII•• ~h •• 1.. Cheftgn

in the II"i'PlyvolhlJ. levels 8II.v. eftdbe1- the ~ine11, dec1.red value.

if it exc•••dII• cerhin lilllit _.y caUS••• ries pnbl..... ".1' cenUnueUIIend

Thesingle ph•••e reguletu circuitll iis .M"'" in f10' 32- •

Therenge IIf IIUtpUtverieUm ie equal til lit••• f ttlll i",ut ".1hgll

til be reguhtedo i.4. if the ~ina11y cIec1l1redIIUtputweIuIIie 220Vlind the

i",,,t verieUlln is free 200 til 25llV.Th. i",ut veltegll reftgll-.y b. div1dl1d

~
in lib er elev.n equal .t... Thelit••• Q' 200V• 2'0""230V.2~V.250VIII'

cae .utput ••ill nry fICA2'0 t. 230Vi ••• percentagll verietilln is 230 .220 Jl
220

10D'£. : ~ •••d in the lebr c•••• the eutP"t "Ul V(lY'ft~ 2'SV til 22SVi.II'

225 - 220Plll'CltfttilO.v.erieU.n h 220 Jl l~ • : 2.~ 58. the _I'll the .tep ••

the ch.er the .utput vdull .reund the neeinally dBCler.dvalue.

V-ltoge I'lIIJUl.tllre.re deeivned .ith.r til c.ntre1 ClIntinUllua!ythe

.utput velteg. by using buck •••d b••• t tren.f.reer III' til Clelltn1 in .tep. the

.utput veltege by ueing top ewitc:hn. In beth cnn e1ecUenlc centrel circuit.

ere empl.yedeither til .dJUllt thll pileitilln .f the .1I1'Vner tot ,alect the 'right

Theveltege regulater dealgnedby us ••111previde en output ••hich
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•

-b2.-

.-u.. i

r.
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--". "-

!

~
•

/,

~ill re-ain ~ith + 5i the declered,valta;. aven it the eupply valtag.-
•••rie. tr- 200 V te 2SOV. There9u18t.r .Ul be usatul fn _ •• tic

uee ( i.e. tar retrigeratare. televiaien etc.~Cemputera, central ~p-'

mentqin induetrie1 unit••• acientific and c~unicati.n equipment".tc.

AIlajn probl•••••i th thie type af t.,-chongu ia the fact th.t

the tifte .t whichthathyriator ceosast. conduct io offectad by the l •• d
C~]

powerfeetar. Thie'rllBulto in eith" preventing a t. changacIu. ta revene

bi.e an the ~hyriatar,ta be triggered ar c.uaing. ehert circuit between

tapa via twe thyrietan. Thia,iG true far' an inductive" ••colIa. capacitive

,laada. se, the input powerfectar "ust be ir.pnlvadbetare feeding the regu-

l.t.r.

AnotherprabllllO..tIich ••••••entiened •• rliclr ia that whenanly

throe t ••a ore previded (whichis the Ilinilll~ nlmlbsraf HI 'the ra"ga .f autput

vari.Uan ie •• a,,1II1IO.set ta keep the autput valtaga very claae t. the

n8rt1e1lydaclered v.lue. tha nUlllberaf tapa "revided ta the regulatar-

tranatonoer Illuatbtlme"imlJlll.

Anatherdisadvantageef tha tap changar18 th.t It preducl!l8

cenaidenble distarUan and thio dietarUan is at a lIe~'" at •.•••••ina! input

valtage. ra alter thie diatarUen chClrVcteriaUc,additianal \ronafa.-er tapa

lIuat be wed and thie ••ill iRcrease the nuooberaf thyriatan. Gate8. flipflspa •

••
C..,aratara etc.

•••

. .'



.\ .

.,

The ~~;"9 ••f AVA for different inetolhti_ eftd eqvipIleftte

in our ceuntry is quite high. For lack of AVA, valueb1e e~ante en

gotting deBeged .r cennet be cperoted uoefully •

device. ere evoilable in the merket, but the eupplier nover give. tho

intriee.to deeign precess". whieh is the heart .f the epRGu.n .f tile

eyotem. Our inveetigction en this projeet will help uo to oxplere the

intricete design preceseee .f the regulotor.

•



BIBLIOGRAPHY I

,

6._.I.I.Pan~erl Reaaenance Ca..utated Thyriatar dc Chcppar Oaaign Cti~eriao
Val. JEct _ 15 IUE TrenaacUana an Indoatrial Electranics end Cantral
Inatrumentatienl ••••veri>er. 1968 NUGlbe~l. 1'.1'.28-31.

7. E.J. Ev_ IA Linear Thyristar Pewer stage with gelf limiting Firin, Cireuital
IEEt Tranaactions an Induatrial Elactronics and Cantral lnatlUllentatianal
Val. JECI-17 February. 1970 Nuri>II~l. 1'.1'.23-33.

3. Jeceb Mlllman and Herbert T.ubl Pulse. Digital and ~tchi"g
Devicss end Circuits fer their Generation and Praeeaaing
Mebo'''''' Hill Beal< Co""ony Inc. 1'•••• 306-361. 404_45"

4. John ••••rkUSI S<lUrcllBook ef Eleet1'Gnic Circuita
"Id,..,""" Hill Baak Callpor\yInc. P.". 335.-349

5. Baruch Be~an I SCR's in auta.atic Pawer Centrall ,
IEEE Trensactions an Indoatrial Electronics end Central lnatrullentatian Va.IE CI-ll
Sapte,,*,er.1964, No. 2 P.P. 17-26. ".',.

1. L.J. Gi~al,etta I ,Electronic Designers' Handbook
M<(,noa.<.o> Hill Bslll<ee""ony Inc. 1'.1'.t7_1.f'/:.?t'.12-25.

2. J~ ~llllan and Christ •• C. H«l \4tQ;S Integrated OllCtrenicslI Analog and
Dieital Circuih and 5yat_" ~HUl- Kogakuaha
".P. 501.535, 698 - 715.

B. 1.1. Pennerl Oeeign Critqria far de M ~itch with reaanant circuit
cannected betwsen thyrhtaral IEf:[ Tranaactian IlIflInduetria! Electranica L
Cantral lnatrumentatian. VBl. IECI.11 August. 1970. NuMber-5. 1'.1'.394-395.

9. A.r.Puch~in. T.C. Llayd and A.G. Canredl Alternating Currant ••••chinao.
Charla E. Tutle Company I 1'.1'.1-113.

10. Me G. Say" The perfarlll&ncs and Design ef Alternling CurrllfltMlchineB.
Engl~sh Language Beak saciety, 1'.1" 134_166.

11. E. Ml"lIker and V. Anahinl Aesl!lIlblyof Pewer TronafarNra,
~R Publishero 1'.1'.110-126.

12. Eric Lawden. Practical Tranefarmer Dssign Hondbaek.
"',,(;.J••.•.• Hill Beak C"IIp"'y, 1'.1" 101. 109-150.'

13. Alfrsd still and ChorleB S. Sial<ind • ElC!lllantaaf Electrical Machi"e Design.
f"\c(,- .•""" Hill B••k COlIIPlInyInc. p.p. 339.383.

i" ,. ;'



14. PultClell~. Kerelmc,. QI'Id G'"'''\le r. gCll'C<'Jr""lAl terftllUAIj Curr...,tCircuit ••
John lltiley end !IonDIftC. 1'.1', 211_261,262-363.-

15. llolnolG. f'i"" and Jehn III C"rroll. Stcndud H«~k lIlfElGetneel Engineers
~~ Hill Book CSRpcny Inc. 1'.1'0 5-193.

16. Jo~n- C. Gerrigusl Vo1tsge end Current Refarenee SSurcee, IEEE Treneaetiens
on Inc:!uetrio1 E1ectrenice end Centre1 Instrumentstien VS. IE eI -11
September, 1964, Ne. 2. 1'.1'. 51-59.

-"1-2. .-


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078

